Present study explores the meiotic chromosome numbers in seven species of the genus Elymus from Himachal Pradesh and Uttarakhand, India. The study adds the first chromosome number of E. gangotrianus (n=14+0-2B), besides adding chromosome numbers for Indian taxa of E. himalayanus (n=21), E. jacquemontii (n=14), E. schrenkianus (n=21) and E. schugnanicus (n=14). In the genus Elymus polyploidy might have a role in its chromosome evolution.
The genus Elymus L. (Tribe Triticeae, Poaceae) comprising more than 194 species including hybrid taxa listed in the database of Kew Science (http://wcsp.science.kew.org/home.do) has a worldwide distribution. In India, the genus is represented by 31 species (Karthikeyan et al. 1989 , Murti 2001 , Chauhan and Singh 2005 , Uniyal et al. 2007 , Chandra Sekar and Srivastava 2009 , Kandwal and Gupta 2009 , Pusalkar and Singh 2012 . Scrutiny of chromosome number databases/literatures reveals that so far information on chromosome numbers is available for only eight species, E. dahuricus Turcz ex. Griseb. (n=21), E. dentatus (Hook.f.) Tzvelev (n=21), E. himalayanus (Nevski) Tzvelev (n=7), E. jacquemontii (Hook.f.) Tzvelev (n=21), E. longearistatus (Boiss.) Tzvelev (n=14), E. nutans Griseb. (n=21), E. semicostatus (Nees ex Steud.) Melderis (n=14+0-4B) and E. sibiricus L. (n=14) from India. Keeping in view this gap on chromosome number information the initiative undertaken by the authors to unravel the cytological diversity in the grasses of North West Himalayas and study was carried out on wild individuals of seven species of the Elymus. The aims of this work are here to provide chromosome numbers for Elymus species and to comment on the ploidy level variation in the Elymus.
Materials and methods
Chromosome number observations were made through male meiosis study in wild plants of seven species of Elymus collected from various localities between altitudes 2300 to 3900 m in India (Table 1) . Young and unopened spikes were fixed in Carnoy s fixative (6 ethanol : 3 chlo-roform : 1 acetic acid). After the fixation of 48 h the materials were transferred to 70% ethanol and stored in a refrigerator. Meiotic preparations were made by squashing the developing anthers dissected out from appropriate size florets in 1% acetocarmine. Chromosome counts were studied from the freshly prepared slides having pollen mother cells (PMCs) at diakinesis, metaphase I (M I), anaphase I (A I) and metaphase II (M II). Preparations of PMCs with well-spread chromosomes were selected for photomicrographs using a Nikon microscope Eclipse 80i and a Leica Qwin digital imaging system. Identifications of species were done by comparing the specimens with the vouchers already submitted in the Herbaria, Botanical Survey of India, Northern Circle, Dehra Dun (BSD). Voucher specimens examined cytologically were deposited in the Herbarium, Department of Botany, Punjabi University, Patiala (PUN).
Results and discussion
The study provides chromosome numbers of seven species of Elymus. Information covering the name of the species, accession number, sites of the collection with altitude, gametic chromosome numbers, and ploidy level are given in Table 1 .
All the five plants of E. gangotrianus scored from subalpine to alpine regions of Bhagirathi valley, Uttarkashi district, India showed the gametophytic chromosome number of n=14, confirmed by the presence of 14 bivalents in PMCs at diakinesis ( Fig. 1a ) and M I ( Fig.  1b) , 14 : 14 chromosomes in PMCs at M II (Fig. 1c ). In four accessions, PMCs also showed the presence of one to two B chromosomes (Fig. 1d ). The species exists as a tetraploid based on the basic number of x=7.
E. himalayanus which was collected from high altitu-dinal regions, Bhojwasa and Gaumukh, Uttarkashi district, India possessed gametophytic chromosome number of n= 21, confirmed by the presence of 21 bivalents in PMCs at diakinesis ( Fig. 1e ) and 21 : 21 chromosomes in M II (Fig. 1f ). Our results agree with the previous chromosome numbers recorded by Bothmer (1992, 1993a) and Lu (1993a) in Astor valley, Gilgit, Pakistan. Mehra et al. (1968) recorded a diploid cytotype (2n=14) in Western Himalaya, India. While Salomon et al. (1988) reported the existence of a tetraploid cytotype (2n= 28) in Pakistan. It thus indicates that intraspecific euploid cytotypes with 2n=14, 42 are existent in Indian taxa, while 2n=28 and 2n= 42 are found in Pakistan. E. jacquemontii is found growing on alpine slopes of Bhagirathi valley, Uttarkashi district, India. The meiotically analyzed accessions showed the gametophytic chromosome number of n=14, confirmed from the presence of 14 bivalents in diakinesis PMCs (Fig. 1g ). Lu (1993a, b) recorded the somatic chromosome number of 2n=28 in the individuals collected from Tibet, China. Jensen et al. (1989) have reported the presence of an intra-specific hexaploid cytotype with a somatic chromosome number of 2n= 42 from Kashmir hills, India.
Five plants of E. longearistatus growing in Bhagirathi valley, Uttarkashi district, India (PUN [61960] [61961] [61962] [61963] and inception zone of Assi Ganga valley, Uttarkashi, India (PUN 61959) depicted the presence of gametophytic chromosome number of n=14, confirmed from the presence of 14 bivalents in PMCs at diakinesis (Fig. 1h ) and M I (Fig. 1i ). Previously, Mehra et al. (1968) and Malik and Mary (1970) reported same somatic chromosome number of 2n=28 under its heterotypic synonym Agro-pyron canaliculatus Nevski in Himalayan regions of India. Other chromosome number reports from Iran (Jensen et al. 1989 , Lu 1993b , 1995a , b, Lu et al. 1995 and Pakistan (Salomon et al. 1988 , Salomon and Lu 1992 , Lu and Bothmer 1993a , b, Lu 1993b , 1995a also revealed the somatic chromosome numbers of 2n=28 indicating that species uniformly exists as tetraploid.
Plants of E. schrenkianus were collected at Bhojwasa and Gaumukh regions of Bhagirathi valley, Uttarkashi district, India. The analyzed accessions showed the gametophytic chromosome number of n= 21 as confirmed by the presence of 21 bivalents in PMCs at diakinesis (Fig. 1j) . Previously, the hexaploid chromosome number of 2n= 42 has been reported in Pakistan (Salomon et al. 1988) and China (Lu and Bothmer 1992) .
A plant of E. schugnanicus collected from Jalori Pass, Kullu district, India showed the gametophytic chromosome number of n=14, confirmed from the presence of 14 bivalents in M I PMCs (Fig. 1k) . The somatic chromosome number of 2n=28 has been reported by Lu (1995a, b) and Lu et al. (1995) from Tibet, China.
E. semicostatus, a tetraploid species showed the gametophytic chromosome number of n=14, confirmed by the presence of 14 bivalents in PMCs at diakinesis (Fig.  1l ). Our meiotic chromosome number agrees with the previous somatic chromosome numbers of 2n=28 from Afghanistan (Lu and Bothmer 1993a , b, Lu et al. 1995 , Salomon 1994 , India (Mehra and Sharma 1972 , 1975 , 1977 , Parkash 1979 , Sharma and Sharma 1979 , Mehra 1982 , Salomon 1994 , Salomon and Lu 1994a , b, Singhal et al. 2014 , Kumari and Saggoo 2016 , Nepal (Tateoka 1955 , Matsumura et al. 1956 ) and Pakistan (Salomon , 1988 , Lu and Bothmer 1990a , 1993a , b, Lu et al. 1990 , 1991 , 1995 , Salomon and Lu, 1992 , 1994a , b, Lu and Salomon, 1993 , Moinuddin et al., 1994 , Salomon, 1994 . In spite of its wide distribution and morphological diversity, the species uniformly exists as tetraploid.
The presently analyzed species of Elymus possessed different ploidy levels viz. 4x (E. gangotrianus, E. longearistatus, E. schugnanicus, E. semicostatus) , 6x (E. schrenkianus), 2x-4x-6x complex (E. himalayanus) and 4x-6x complex (E. jacquemontii). On the basis of chromosome numbers of 94 species, it becomes quite clear that the basic number of Elymus is x=7. Further analysis reveals that 48% (94/194) of the cytologically explored species exist at various ploidy levels, of which tetraploid species are most common (63%, 59/94) and then hexaploid species (15%, 14/94). Different ploidy levels of present seven species and previously known species depict that incidences of auto-and allopolyploidy might play a significant role in intra and inter-specific chromosome evolution and speciation in Elymus. 
